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0 A surface acoustic wave convolver includes first 
(2) and second (3) Interdigital electrodes for exciting 
surface acoustic waves and an output electrode (8) 
for detecting the surface acoustic waves to extract a 
convolution output as an electrical signal, the first (2) 
and second (3) interdigital electrodes and the output 
electrode (8) being formed on a piezoelectric or 
electrostrictive substrate. In order to improve con- 
volution efficiency and obtain wide-range character- 
istics, each of the first (2) and second (3) interdigital 
electrodes has a predetermined thickness, the first 
interdigital electrode (2) is arranged such that posi- 
tive (4) and negative (5) electrodes are alternately 
arranged so as to have electrode widths and periods 


which are gradually decreased toward the output 
electrode, the second interdigital electrode (3) is 
arranged such that positive (6) and negative (7) 
electrodes are altemately arranged so as to have 
electrode widths and periods which are gradually 
increased toward the output electrode, and the sec- 
ond interdigital electrode has a double electrode 
structure. 

In addition, in order to reduce ripples in fre- 
quency characteristics, the output electrode are di- 
vided into a plurality of pieces (8a-8d). and two end 
portions of each of the first (2) and second (3) 
interdigital electrodes are weighted. 
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BACKGROUND OF THE INVENTION 

[Field of the Invention] 

The present invention relates to a surface 
acoustic wave convolver in which surface acoustic 
wave transducers respectively provided with inter- 
digital electrodes having different electrode widths 
and periods (pitches) in a direction of propagation 
of a surface acoustic wave are combined. [Descrip- 
tion of the Prior Art] 

A conventional surface acoustic wave trans- 
ducer having interdigital electrodes (in^erdigital 
transducers) each connprising positive and negative 
electrodes formed on a piezoelectric substrate (in- 
cluding a piezoelectric thin film substrate) or elec- 
trostrictive substrate generally has an electrode 
layout structure in which the positive and negative 
electrodes are arranged at equal periods. Rg. 9(a) 
is a plan view showing a surface acoustic wave 
convolver using conventional surface acoustic wave 
transducers, and Rg. 9(b) is a sectional view there- 
of along the line X - Y in Rg. 9(a). Referring to 
Rgs. 9(a) and 9(b) , reference numeral 51 denotes 
a first surface acoustic wave transducer for con- 
verting an electrical signal into a surface acoustic 
wave; 52, a second surface acoustic wave trans- 
ducer for converting an electrical signal similar to 
the one described above into a surface acoustic 
wave; and 53, an output electrode for detecting the 
surface acoustic waves generated and propagating 
from the surface acoustic wave transducers 51 and 
52 to extract a convolution output as an electrical 
signal. Each interdigital electrode of the surface 
acoustic wave transducer 51 or 52 has an electrode 
layout structure In which the positive and negative 
electrodes are arranged at equal periods. That is, if 
an electrode width in the interdigital electrode is 
defined as m and a period is defined as p, the 
period p is constant. In addition, ratios m/p are 
constants (mostly 0.5) regardless of positions on 
the interdigital electrode. 

In the surface acoustic wave transducer having 
this electrode layout structure, surface acoustic 
waves generated by this transducer propagate to 
the right and left with substantially the same am- 
plitude. Thus, this surface acoustic wave trans- 
ducer has similar insertion loss characteristics in 
the two directions, i.e., so-called bi-directional char- 
acteristics. 

Conventional techniques each for obtaining a 
uni-directional surface acoustic wave transducer 
having a low insertion loss in only one direction by 
using an electrode layout structure in which the 
positive and negative electrodes are arranged at 
equal periods are exemplified by a method using a 
120" phase shifter, a method using a 90* phase 
shifter, and a method of obtaining an internal re- 


flection type uni-directional transducer in which re- 
flection electrodes are asymmetrically arranged be- 
tween positive and negative electrodes at equal 
periods. 

5 The surface acoustic wave transducer having 

the electrode layout structure in which the positive 
and negative electrodes are arranged at equal 
periods has bi-directional characteristics but cannot 
provide characteristics having a low insertion loss 

10 in only one direction. Even if such surface acoustic 
wave transducers are used to constitute a surface 
acoustic wave convolver, the convolver does not 
have high convolution efficiency. In the method of 
obtaining the uni-directional surface acoustic wave 

75 transducer, characteristics having a low insertion 
toss in only one direction can be obtained. How- 
ever, since the surface acoustic wave transducers 
each having the electrode layout structure in which 
the positive and negative electrodes are arranged 

20 at equal periods are used, wide-range characteris- 
tics cannot t>e obtained. Therefore, a surface 
acoustic wave convolver employing this surface 
acoustic wave transducer cannot provide wide- 
range characteristics, either. 

25 

SUMMARY OF THE INVENTION 

The present invention has been made in con- 
sideration of the conventional problems described 

30 above, and has as its first object to provide a 
surface acoustic wave convolver having high con- 
volution efficiency and wide-range characteristics. 

In order to achieve the first object according to 
the first aspect of the present invention, there is 

35 provided a surface acoustic wave convolver having 
first and second interdigital electrodes for exciting 
surface acoustic waves and an output electrode for 
detecting the surface acoustic waves to extract a 
convolution output as an electrical signal, the first 

40 and second interdigital electrodes and the output 
electrode bemg formed on a piezoelectric or elec- 
trostrictive substrate, wherein each of the first and 
second interdigital electrodes has a predetermined 
thickness, tiie first interdigital electrode is arranged 

45 such that positive and negative electrodes are al- 
ternately arranged so as to have electrode widths 
and periods which are gradually decreased toward 
the output electrode, the second interdigital elec- 
trode is arranged such that positive and negative 

50 electrodes are alternately arranged so as to have 
electrode widths and periods which are gradually 
increased toward the output electrode, and the 
second interdigital electrode has a double elec- 
trode structure. 

55 When the positive and negative electrodes hav- 
ing different periods in the direction of propagation 
are anranged and have large thicknesses, the 
phase of excitation is the same as the phase of 
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reflection at an electrode in one direction of propa- 
gation but is opposite to the phase of reflection in 
the other direction of propagation. Surface acoustic 
wave transducers each having uni-directional char- 
acteristics are aligned such that the directivity of 
one surface acoustic wave transducer is matched 
with that of the other surface acoustic wave trans- 
ducer, and an output electrode is interposed be- 
tween these surface acoustic wave transducers, 
thereby obtaining a surface acoustic wave convol- 
ver. In particular, in the above arrangement, when 
the second interdigital electrode has a double elec- 
trode structure, the second interdigital electrode 
has bi-directional characteristics, thereby obtaining 
a convolver having high convolution efficiency. 

The surface acoustic wave convolver having 
the at>ove arrangement has higher convolution effi- 
ciency and better wide-range characteristics than 
those of the conventional convolver. In addition, 
when inputs to each interdigital electrode are 
matched with outputs therefrom with higher preci- 
sion, the insertion loss can be further reduced by 3 
to 4 dB. In this surface acoustic wave convolver, 
however, excellent matching between the inputs 
and the outputs causes to produce relatively large 
ripples in frequency characteristics, resulting in in- 
convenience. 

It is the second object of the present invention 
to provide a surface acoustic wave convolver hav- 
ing wide-range characteristics and smaller ripples 
in frequency characteristics even if good matching 
between the inputs and the outputs is performed to 
further improve convolution efficiency. 

In order to achieve the second object accord- 
ing to the second aspect of the present invention, 
the output electrode in the surface acoustic wave 
convolver of the first aspect is divided into a plural- 
ity of pieces, and two end portions of the first and 
second interdigital electrodes are weighted. The 
interdigital electrode having electrode widths and 
periods which are gradually changed is called a 
diffusion type interdigital electrode as opposed to 
the interdigital electrode in which the positive and 
negative electrodes are arranged at equal periods. 

For example, a so-called apodizing method of 
changing an effective excitation opening length 
(overiap width) is used as a weighting method. 

As described above, since the output electrode 
is divided into the plurality of pieces and the two 
end portions of the first and second interdigital 
electrodes are weighted, ripples in the frequency 
characteristics can be reduced, and inputs to and 
outputs from both the interdigital electrodes can be 
matched better than before, thereby further improv- 
ing the convolution efficiency. 


BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a plan view of a surface acoustic wave 
convolver according to the first emtxxJiment of 

5 the present invention; 

Rgs. 2(a) shows the frequency characteristics of 
a chirp interdigital transducer of Zm/Zg = 0.98 
for explaining the directivity thereof and Rgs. 2- 
(b) and 2(c) show the electrode layouts thereof; 

10 Rgs. 3(a) shows the frequency characteristics of 
a chirp interdigital transducer of Zm/Zg = 1 .00 
for explaining the directivity thereof and Rgs. 3- 
(b) and 3(c) show the electrode layouts thereof; 
Rgs. 4(a) shows the frequency characteristics of 

75 a chirp interdigital transducer of Zm/Zg = 1 .02 
for explaining the directivity thereof and Rgs. 4- 
(b) and 4(c) show the electrode layouts thereof; 
Rg. 5 is a plan view of a surface acoustic wave 
convolver according to the second embodiment 

20 of the present invention; 

Rgs. 6(a) and 6(b) are views, respectively, 
showing first and second interdigital electrodes 
in the convolver in Rg. 5 in detail; 
Rg. 7(a) is a graph showing frequency char- 

25 acteristics of the convolver shown in Rg. 5; 

Rg. 7(b) is a graph showing frequency char- 
acteristics of the surface acoustic wave trans- 
ducer in Rg. 1 in place of that in Rg. 5; 
Rgs. 8(a) and 8(b) are views, respectively show- 

30 ing first and second interdigital electrodes in 
detail according to the third embodiment of the 
present invention; and 

Rgs. 9(a) and 9(b) are a plan view and a sec- 
tional view. resf)ectively, showing a filter using 
35 conventional surface acoustic wave transducers. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 Preferred embodiments of the present inven- 
tion will be described with reference to the accom- 
panying drawings. 

[Rrst Embodiment] 

45 

Rg. 1 is a plan view of a surface acoustic wave 
convolver according to the first embodiment of the 
present invention. 

Referring to Rg. 1, reference numeral 1 de- 

50 notes a piezoelectric substrate; 2, a first excitation- 
side surface acoustic wave transducer formed on 
the piezoelectric substrate 1; and 3, a second ex- 
citation-side surface acoustic wave transducer 
formed on the piezoelectric substrate 1. The first 

55 surface acoustic wave transducer 2 has positive 
and negative electrodes 4 and 5 (first interdigital 
electrode). The second surface acoustic wave tran- 
sducer 3 has positive and negative electrodes 6 
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and 7 (second interdigital electrode). Reference 
numeral 8 denotes an output electrode. The posi- 
tive and negative electrodes 4 and 5 are alternately 
arranged so that electrode widths m and periods p 
are gradually decreased toward the output elec- 
trode 8. A ratio m/p in the first interdigital electrode 
is set to be m/p = 0.5. The positive and negative 
electrodes 6 and 7 are alternately arranged so that 
electrode widths m and periods p are gradually 
increased toward the output electrode 8. The sec- 
ond interdigital electrode has a double electrode 
structure. One positive electrode 6 has two elec- 
trode pieces 6a and 6b, and one negative electrode 
7 has two electrode pieces 7a and 7b. The width of 
each of the electrode pieces in the second inter- 
digital electrode is defined as 0.25p. In other 
words, the second interdigital electrode is obtained 
such that each electrode of a normal interdigital 
electrode for m/p = 0.75 is divided into two pieces 
to have equal electrode widths and equal gaps 
between the divided pieces, thereby obtaining the 
double electrode structure. Note that Y-cut Z-prof>- 
agation lithium niobate is used to form the piezo- 
electric substrate 1, and an aluminum film is used 
to fomn the electrodes 4. 5. 6, and 7. 

By using these electrodes, the fist interdigital 
electrode has a strong directivity toward the output 
electrode 8, while the second interdigital electrode 
does not have any strong directivity toward the 
output electrode 8. In particular, the interdigital 
electrode having the double electrode structure has 
almost bi-directional characteristics, thereby obtain- 
ing a convolver having high convolution efficiency. 
By employing the double electrode structure, the 
electrode width becomes x/8 in this emtKxliment, 
and the second interdigital electrode can be manu- 
factured without posing any problem in a practical 
frequency range. In this case, condition 0 ^ m/p < 
0.5 is also incorporated as the range of ratios m/p 
in the present invention. 

The present inventors have found that reflec- 
tion at the interdigital electrode formed on the 
piezoelectric substrate is positively utilized to give 
a directivity to a surface acoustic wave transducer, 
thereby constituting a surface acoustic wave con- 
volver having high convolution efficiency in a wide 
range by utilizing this directivity of the surface 
acoustic wave transducer. In this case, each inter- 
digital electrode must have a given thickness to 
reflect the surface acoustic wave thereat. A thick- 
ness H of each interdigital electrode preferably falls 
within the range of 0.01 ^ H/X ^ 0.10 where X is the 
wavelength of the surface acoustic wave. 

The directivity of the surface acoustic wave 
transducer is determined in accordance with a 
Zm/Zg value where Zm is the acoustic impedance 
of the interdigital electrode metal and Zg is the 
acoustic impedance of the electrode gap. 


Rg. 2(a) shows the frequency characteristics of 
a chirp interdigital electrode (interdigital transducer) 
for explaining the directivity thereof by way of 
analysis of an equivalent circuit when the thickness 

5 of each aluminum electrode is set to be 2,000 
angstrom and the ratio Zm/Zg is set to be 0.98, 
and Rgs. 2(b) and 2(c) show the electrode layouts 
thereof. As shown in Rg. 2(b), when a down-chirp 
interdigital electrode (interdigital transducer, re- 

10 ferred to as IDT in Rg. 2(b)) 23 having positive and 
negative electrodes whose density is gradually in- 
creased is located adjacent to an IDT 24 having a 
pair of positive and negative electrodes, the fre- 
quency characteristic represented by a solid curve 

75 21 shown in Rg. 2(a) can be obtained. However, 
when an up-chirp IDT 25 having positive and nega- 
tive electrodes whose density is gradually de- 
creased is located adjacent to an IDT 26 having a 
pair of positive and negative electrodes, as shown 

20 in Rg. 2(c). the frequency characteristic represent- 
ed by a broken curve 22 in Rg. 2(a) can be 
obtained. The frequency characteristic represented 
by the solid curve 21 is better than that repre- 
sented by the broken curve 22. Therefore, the IDT 

25 23 exhibits the directivity indicated by an arrow 
23D. while the IDT 25 has the directivity indicated 
by an arrow 25D. 

Rg. 3(a) shows the frequency characteristics of 
a chirp IDT for explaining the directivity thereof by 

30 way of analysis of an equivalent circuit when the 
thickness of each aluminum electrode is set to be 
2.000 angstrom and the ratio Zm/Zg is set to be 
1.00. and Rgs. 3(b) and 3(c) show the electrode 
layouts thereof. As shown in Rg. 3(b), when a 

35 down-chirp IDT 33 having positive and negative 
electrodes whose density is gradually increased is 
located adjacent to an IDT 34 having a pair of 
positive and negative electrodes, the frequency 
characteristic represented by a solid curve 31 

40 shown in Rg. 3(a) can be obtained. Even when an 
up-chirp IDT 35 having positive and negative elec- 
trodes whose density is gradually decreased is 
located adjacent to an IDT 36 having a pair of 
positive and negative electrodes, as shown in Rg. 

45 3(c), the frequency characteristic represented by 
the solid curve 31 in Rg. 3(a) can be obtained. In 
this case, neither the IDT 33 nor the IDT 35 has 
directivity. 

Rg. 4(a) shows the frequency characteristics of 
50 a chirp IDT for explaining the directivity thereof by 
way of analysis of an equivalent circuit when the 
thickness of each aluminum electrode is set to be 
2,000 angstrom and the ratio Zm/Zg is set to be 
1.02, and Rgs. 4(b) and 4(c) show the electrode 
55 layouts thereof. As shown in Rg. 4(b), when a 
down-chirp IDT 43 having positive and negative 
electrodes whose density is gradually increased is 
located adjacent to an IDT 44 having a pair of 
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positive and negative electrodes, the frequency 
characteristic represented by a solid curve 41 
shown in Rg. 4(a) can be obtained. However, when 
an up-chirp IDT 45 having positive and negative 
electrodes whose density is gradually decreased is 
located adjacent to an IDT 46 having a pair of 
positive and negative electrodes, as shown in Rg. 
4(c), the frequency characteristic represented by a 
broken curve 42 in Rg. 4(a) can be obtained. The 
frequency characteristic represented by the broken 
curve 42 is better than that represented by the 
solid curve 41. Therefore, the IDT 43 has the 
directivity indicated by an anrow 43D, while the IDT 
45 exhibits the directivity indicated by an arrow 
45D. 

As a result of the examination of directivities of 
chirp interdlgital electrodes (IDTs) under various 
conditions, a chirp interdigital electrode (IDT) has a 
directivity to increase the density of the positive 
and negative electrodes for Zm/Zg < 1, does not 
have any directivity for Zm/Zg = 1. or has a 
directivity to decrease the density of the positive 
and negative electrodes for Zm/Zg > 1. When a 
convolver is arranged in consideration of the direc- 
tivities of the interdigital electrodes, the resultant 
convolver can have a low insertion loss and wide- 
range characteristics. It is most preferable that in- 
terdigital electrodes each having uni-directional 
characteristics are arranged to cause the directivity 
of one interdigital electrode to oppose that of the 
other interdigital electrode. However, in order to 
eliminate dispersion, the other interdigital electrode 
preferably has bi-directional characteristics. That Is, 
one interdigital electrode has a directivity toward 
the output electrode, while the other interdigital 
electrode has bi-directional characteristics. 

[Second Embodiment] 

Rg. 5 is a plan view of a surface acoustic wave 
convolver according to the second embodiment of 
the present invention. The same reference numer- 
als as in Rg. 1 denote the same parts in Rg. 5. 
Referring to Rg. 5, positive and negative elec- 
trodes 4 and 5 (first interdigital electrode) of a first 
surface acoustic wave transducer 2 are altemately 
arranged so that electrodes widths m and periods p 
thereof are gradually decreased toward an output 
electrode 8, and lengths L of the electrodes at the 
two end portions of the surface acoustic wave 
transducer 2 are gradually decreased from central 
sides to end sides, as shown in Rg. 6(a). The first 
interdigital electrode has a ratio m/p = 0.5. Posi- 
tive and negative electrodes 6 and 7 (second inter- 
digital electrode) of a second surface acoustic 
wave transducer 3 are alternately arranged so that 
electrodes widths m and periods p thereof are 
gradually increased toward the output electrode 8, 


and lengths L of the electrodes in the end portions 
of the surface acoustic wave transducer 3 are de- 
creased in the direction from the central sides to 
the end sides, as shown in Rg. 6(b). In addition, 

5 the second interdigital electrode has a double elec- 
trode structure. One positive electrode 6 has two 
electrode pieces 6a and 6b, and one negative 
electrode 7 has two electrode pieces 7a and 7b. 
The width of each electrode piece in the second 

10 interdigital electrode is defined as 0.25p. In other 
words, the second interdigital electrode is obtained 
such that each electrode of a normal interdigital 
electrode for m/p = 0.75 is divided into two pieces 
to have equal electrode widths and equal gaps 

75 between the divided pieces, tiiereby obtaining the 
double electrode structure. The output electrode 8 
is divided into four pieces. Output electrode pieces 
8a to 8d are connected in a so-called tournament 
such that the electrode pieces 8a and 8b are 

20 electrically connected to each other, the electrode 
pieces 8c and 8d are electrically connected to 
each other, and the set of the electrode pieces 8a 
and 8b is finally connected to the set of the elec- 
trode pieces 8c and 8d. Shielding plates (shields) 9 

25 are arranged between the first surface acoustic 
wave transducer 2 and the output electrode 8 and 
k>etween the second surface acoustic wave trans- 
ducer 3 and the output electrode 8, respectively. 
Note that Y-cut Z-propagation lithium niobate is 

30 used as a piezoelectric substrate 1, and an alu- 
minum plate is used to form the electrodes 4, 5, 6, 
and 7. By using the first interdigital electrode 2 
having the positive and negative electrodes 4 and 5 
altemately arranged such that the electrode widths 

35 m and the periods p thereof are gradually reduced 
toward the output electrode 8 and the second inter- 
digital electrode 3 having the positive and negative 
electrodes 6 and 7 altemately aranged such that 
the electrode widths m and the periods p thereof 

40 are gradually increased toward the output electrode 
8, the first interdigital electrode has a strong direc- 
tivity toward the output electrode, while the second 
interdigital electrode does not have any strong di- 
rectivity toward the output electrode. In this case, 

45 the directivity of the interdigital electrodes is weak- 
ened for 0 < m/p < 0.2 and 0.7 < m/p < 1.0. For 
this reason, an interdigital electrode satisfying con- 
dition 0.2 ^ m/p ^ 0.7 is used as the first inter- 
digital electrode. An interdigital electrode of a sin- 

50 gle electrode structure satisfying conditions 0 < 
m/p < 0.3 and 0.6 < m/p < 1.0 or an interdigital 
electrode of a double electrode structure satisfying 
condition 0.6 < m/p < 1.0 is used as the second 
interdigital electrode having almost bi-directional 

55 characteristics. In particular, tiie interdigital elec- 
trode having the double electrode structure exhibits 
almost bi-directional characteristics, and a convol- 
ver having high convolution efficiency can be ot>- 
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tained. The electrode width in this embodiment is 
X/8, and the interdigital electrodes can be manufac- 
tured within the practical frequency range without 
posing any problem. 

A thickness H of each interdigital electrode 
preferably falls within the range of 0.01 ^ H/X ^ 
0.10 where X is the wavelength of the surface 
acoustic wave. The chirp interdigital electrode 
whose electrode widths m and periods p are gradu- 
ally changed in one direction has a directivity to 
increase the density of the positive and negative 
electrodes for Zm/Zg < 1 where Zm is the acoustic 
impedance of the metal film of the interdigital elec- 
trode and Zg is the acoustic impedance of the 
electrode gap, does not have any directivity for 
Zm/Zg = 1. or has a directivity to decrease the 
density of the positive and negative electrodes for 
Zm/Zg > 1 . For this reason, it is preferable that the 
ratio Zm/Zg of the first interdigital electrode 2 is set 
smaller than 1 , and the ratio Zm/Zg of the second 
interdigital electrode 2 is set larger than 1. When 
the first and second interdigital electrodes 2 and 3 
are arranged as described above, the first inter- 
digital electrode 2 has a directivity toward the out- 
put electrode 8, while the second interdigital elec- 
trode 3 has bi-directional characteristics. The con- 
volution efficiency can be improved, i.e.. the inser- 
tion loss can be reduced, and wid&-range char- 
acteristics can be obtained. 

In this embodiment, the first and second inter- 
digital electrodes 2 and 3 are formed in a so-called 
apodized form. The positive and negative elec- 
trodes 4 and 5 of the first interdigital electrode 2 
and the positive and negative electrodes 6 and 7 of 
the second interdigital electrode 3 are formed such 
that the lengths L of the electrodes at the two end 
portions of the surface acoustic wave transducers 2 
and 3 are reduced from central side to end sides. 
That is, the overlap widths (effective excitation 
opening lengths) of the positive and negative elec- 
trodes are reduced. Since the first and second 
interdigital electrodes 2 and 3 are weighted in this 
manner, the ripples in the frequency characteristics 
can be reduced, and at the same time a decrease 
in insertion loss by an improvement in matching 
between the inputs and the outputs can be 
achieved. 

Fig. 7(a) shows frequency characteristics of the 
surface acoustic wave convolver shown in Rg. 5 
which has the apodized interdigital electrodes 2 
and 3, and Rg. 7(b) shows frequency characteris- 
tics of the surface acoustic wave convolver using 
non-apodized interdigital electrodes, i.e., the inter- 
digital electrodes 2 and 3 having uniform effective 
excitation opening lengths as shown in Fig. 1 . The 
ripples in the frequency characteristics are appar- 
ently reduced by the apodized interdigital elec- 
trodes 2 and 3. 


[Third Embodiment] 

As shown in Rgs. 8(a) and 8(b), dummy elec- 
trodes 41 are inserted at weighting positions, and 

5 the widths formed between the positive or negative 
electrodes and the dummy electrodes formed on 
extension lines of the positive or negative elec- 
trodes are uniformed, thereby aligning wave sur- 
faces of output signals and hence improving the 

10 frequency characteristics. 

EFFECT OF THE INVENTION 

As has been described above, in a surface 
15 acoustic wave convolver having interdigital elec- 
trodes each having a predetermined thickness and 
formed on a piezoelectric or electrostrictive sub- 
strate, since one interdigital electrode has a double 
electrode structure in consideration of directivities 
20 of the interdigital electrodes, a surface acoustic 
wave convolver having high convolution efficiency 
and wide-range characteristics can l>e obtained. 

In addition, an output electrode is divided into a 
plurality of pieces, and interdigital electrodes are 
25 weighted, so that a surface acoustic wave convol- 
ver having small ripples in the frequency char- 
acteristics can be obtained even if matching is 
improved to improve tiie convolution efficiency. 

30 Claims 

1. A surface acoustic wave convoh^er having first 
and second interdigital electrodes for exciting 
surface acoustic waves and an output elec- 

35 trode for detecting the surface acoustic waves 

to extract a convolution output as an electrical 
signal, said first and second interdigital elec- 
trodes and said output electrode being formed 
on a piezoelectric or electrostrictive substrate, 

40 wherein 

each of said first and second interdigital 
electrodes has a predetermined thickness, 

said first interdigital electrode is arranged 
such that positive and negative electrodes are 

45 alternately arranged so as to have electrode 

widths and periods which are gradually de- 
creased toward said output electrode. 

said second interdigital electrode is ar- 
ranged such that positive and negative elec- 

50 trodes are alternately arranged so as to have 

electrode widths and periods which are gradu- 
ally increased toward said output electrode, 
and 

said second interdigital electrode has a 
55 double electrode structure. 

2. A convolver according to claim 1 . wherein said 
first interdigital electrode satisfies 0.2 ^ m/p ^ 


11 
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0.7 and said second interdigital electrode satis- 
fies 0.72 ^ m/p ^ 0.9 where m is an electrode 
width in each of said first and second inter- 
digital electrodes and p is a period therein. 


8b A convolver according to claim 4, wherein 
overlap widths of said positive and negative 
electrodes at said two end portions of said first 
and second interdigital electrodes are gradu- 
ally reduced from central sides to end sides, 
thereby weighting said two end portions. 


formed on extension lines of said positive and 
negative electrodes of said two end portions of 
said first and second interdigital electrodes. 

5 11. A convolver according to claim 10. wherein 
opening lengths between respective pairs of 
positive and negative electrodes and said dum- 
my electrodes are constant. 

12. A surface acoustic wave convolver having first 
and second interdigital electrodes for exciting 
surface acoustic waves and an output elec- 
trode for detecting the surface acoustic waves 
to extract a convolution output as an electrical 
signal, said first and second interdigital elec- 
trodes and said output electrode being formed 
on a piezoelectric or electrostrictive substrate, 
wherein 

said first interdigital electrode has a direc- 
tivity toward said output electrode, and 

said second interdigital electrode has bi- 
directional characteristics and a double elec- 
trode structure. 

13. A convolver according to claim 12, wherein 
said output electrode is divided into a plurality 
of pieces, and two end portions of each of said 
first and second interdigital electrodes are 
weighted. 

14. A convolver according to claim 13, wherein 
overlap widths of said positive and negative 
electrodes at said two end portions of said first 
and second interdigital electrodes are gradu- 
ally reduced from central sides to end sides, 
thereby weighting said two end portions. 

15. A convolver according to claim 14. wherein 
negative and positive dummy electrodes are 
formed on extension lines of said positive and 
negative electrodes of said two end portions of 
said first and second interdigital electrodes. 

16. A convolver according to claim 10. wherein 
45 opening lengths between respective pairs of 

positive and negative electrodes and said dum- 
my electrodes are constant. 


3. A convolver according to claim 1 . wherein said 
first interdigital electrode has a ratio Zm/Zg of 
less than 1 and said second interdigital elec- 
trode has a ratio Zm/Zg of more than 1 where 
Zm is an acoustic impedance of a metal film of io 
each of said first and second interdigital elec- 
trodes, and Zg is an acoustic impedance of an 
electrode gap. 

4. A convolver according to claim 1 . wherein said 75 
output electrode is divided into a plurality of 
pieces, and two end portions of each of said 
first and second interdigital electrodes are 
weighted. 

20 

5- A convolver according to claim 4. wherein said 
first interdigital electrode has a single elec- 
trode structure and satisfies 0.2 ^ m/p ^ 0.7 
and said second interdigital electrode satisfies 
0 < m/p < 0.3 or 0.6 < m/p < 1.0 where m is 25 
an electrode width in each of said first and 
second interdigital electrodes and P is a period 
therein. 

6. A convolver according to claim 4, wherein said 30 
first interdigital electrode has a double elec- 
trode structure. 

7. A convolver according to claim 4, wherein said 
first interdigital electrode satisfies 0.2 ^ m/p ^ 35 
0.7 and said second interdigital electrode satis- 
fies 0.6 < m/p < 1.0 where m is an electrode 
width in each of said first and second inter- 
digital electrodes and p is a period therein. 


9. A convolver according to claim 4. wherein said 
first interdigital electrode has a ratio Zm/Zg of 

less than 1 and said second interdigital elec- 50 
trode has a ratio Zm/Zg of more than 1 where 
Zm is an acoustic impedance of a metal film of 
each of said first and second interdigital elec- 
trodes, and Zg is an acoustic impedance of an 
electrode gap. 55 

10. A convolver according to claim 4, wherein neg- 
ative and positive dummy electrodes are 
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